Daucus carota, internal root color, yield SUMMARY. Root yield and quality were evaluated in 15 carrot (Daucus carota) cultivars for use in processing. Marketable yield varied between the fall and spring production seasons for seven of the 15 cultivars with the highest yields recorded in the fall. 'C 8771' and 'Heritage' had the highest yields in Fall 2003. 'Bremen' and 'Neptune' were the highest yielding in Spring 2004. Root length was longest in the fall for a majority of cultivars with 'PS 103397' being the longest in the fall and 'Pipeline' longest in the spring. Forking of roots did not vary significantly for either season. Field color ratings were taken to indicate color differences between the interior core and cortex of the roots. 'Florida', 'Heritage', 'Kamaran', and 'C 8771' had consistently less difference between the core and cortex colors. Based on consistent yield and color uniformity, the authors would recommend the use of 'C 8771' and 'Kamaran' for both spring and fall production seasons in Oklahoma and the use of 'Heritage' and 'Florida' for fall production.
C arrot is a cool-season vegetable belonging to the Apiaceae. It probably originated in the Middle East, with the first carrots grown for consumption in Afghanistan (Peirce, 1987) . Carrots are a substantial source of dietary fiber and vitamin A in the United States (Peirce, 1987; Yamaguchi, 1983) . A European survey of frequently consumed foods indicated that in four of five countries surveyed, carrot was the major source of both beta and alphacarotene (O'Neill et al., 2001) .
Carrot production in the U.S. was 98,870 acres in 2005 with 83,700 acres for fresh market and 15,170 acres for processing [U.S. Dept. Agr. (USDA), 2006] . California, Michigan, Minnesota, Texas, and Wisconsin are the primary producers of carrots for processing in the U.S. (USDA, 2006) . Processors in the Arkansas-TexasOklahoma area have recently begun to explore field production of processing carrots in Oklahoma. Production of carrots in the state will lengthen the time that carrots are available for processing and in some cases reduce shipping costs. Carrots have not been a commercial crop in Oklahoma in the past, and information regarding the performance of different carrot cultivars for production and subsequent processing is not available. Therefore, the objective of these studies was to make carrot cultivar recommendations for commercial production and processing by evaluating carrot root yield and quality characteristics. planting. Weeds were controlled in the fall with two postemergence applications of linuron at 1 lb/acre a.i. per application and one application of sethoxydim at 0.3 lb/acre a.i. postemergence. Spring weed control included one application of linuron at 1 lb/acre a.i. postemergence. Plots were handweeded two times in the spring and fall. EXPERIMENTAL P R O C E D U R E . Plots were arranged in a randomized complete block design with four replications. Carrot cultivars are listed in Table 1 and include 15 cultivars from four companies. Plots were harvested on 14 Jan. 2004 for the fall study and 12 July 2004 for the spring study by digging 1 m of one row from each plot. All roots were sorted; data recorded from each plot included number and weight of marketable roots (roots 1 inch in diameter and larger), number of forked roots, length of a 10-root sample, and interior root color ratings. Interior root color ratings were made using a 0-5 scale, 0 representing no color differences between the core (xylem) and cortex (phloem) and 5 representing a distinct color separation of core and cortex. Further core and cortex color evaluations were conducted on the roots harvested in July 2004 using a Minolta CM-3500d reflectance spectrophotometer (Minolta Corp., Ramsey, N.J.). All color measurements were taken using a 5.0-mm aperture. For each cultivar, five roots were selected at random from each replicate plot. Roots were sliced and the color of the cut surface was evaluated. Three locations were evaluated on each slice: two locations on the cortex and the core. Every location on each sample was evaluated three times and the sample was rotated 120°between readings to compensate for surface irregularities. These readings were averaged to give a final reading for a given carrot sample. This process was repeated on the five duplicate roots. The duplicates were then averaged to give a final reading for each of the four replications. Readings were taken as C.I.E. L* a* b* values using the 65°standard illuminant. Hue angle for samples was calculated as tan -1 (b/a) (Little, 1975) . Harvest data were arranged in a randomized complete block design with harvest date serving as a repeatedmeasure variable. Analyses of variance were performed with the use of SAS (PC SAS version 8.2; SAS Institute, Cary, N.C.) and PROC MIXED. The simple effects of cultivar within a harvest date and harvest date within a cultivar were analyzed with a SLICE option in an LSMEANS statement. When the simple effects were significant, pairwise t tests were performed using a PDIFF option. All comparisons were considered significant when an alpha level of 0.05 or less was obtained.
Materials and methods

Results and discussion
There were no differences in carrot yields among the different cultivars during Fall 2003 (Table 1) . Spring 2004 yields were highest for 'Bremen' and 'Neptune' with yields of 10.8 and 9.2 tons/acre, respectively. Yields varied significantly between fall and spring for seven of the 15 cultivars in the studies. All of these except for 'Bremen' had significantly lower yield in the spring than in the fall. Yields in the study were somewhat lower than the average U.S. yield (14.1 tons/ acre) reported by Yamaguchi (1983 Average root length based on the overall length of 10 roots harvested as a representative sample from each plot, 1 inch = 2.54 cm. w Percentage forked roots based on the number of forked roots harvested from each plot. v Numbers within a column followed by the same letter were not significantly different at the 5% level. Numbers with an asterisk (*) next to letters indicate a significant difference between fall and spring plantings.
a practical basis, producers may be interested in using the root forking data to make decisions, although the statistics would not support this at the 0.05 alpha level. 2003 and Spring 2004 (Table 2) . Interior root color ratings for seven cultivars in Fall 2003 were significantly higher than for 'Ingot', which had a 1.4 rating indicating little color difference between the core (xylem) and cortex (phloem). 'Neptune', 'Heritage', and 'Florida' had ratings of 1.3, 1.4, and 1.5, respectively, in Spring 2004 and had significantly less color differences than five other cultivars in the spring. Three of the 15 cultivars in the studies varied between fall and spring for interior root color ratings. Both 'First Class' and 'Neptune' had lower ratings in the spring compared with the fall.
Root color varied in both Fall
In contrast to the subjective field ratings, laboratory tests recorded no statistically significant differences between core and cortex hue angles and L* values within any of the cultivars evaluated (data not shown). In addition, no significant differences were seen for hue angles or L* values among the carrot cultivars (data not shown). Accordingly, hue angle and L* value were averaged overall cultivars and root locations. The resulting 95% confidence interval for the mean hue angle was 56.5°± 0.12°. For the L* value, the 95% confidence interval for the mean was 40.9 ± 0.35.
Carrot yield and root length varied significantly between the two seasons for several cultivars. Studies by Nel et al. (1998) noted variation for grain crops in yield and other characteristics resulting from environmental differences from different sites and seasons. Zdravkovic et al. (1997) observed differences in yield from 1 year to the next for carrot cultivars as a result of environmental variation. Seasonal differences in environment are common in Oklahoma where fall production seasons begin in September with higher temperatures and lower amounts of rainfall and end with lower temperatures and higher moisture levels. The inverse is true for spring production seasons. 'Neptune' proved to be consistent during both seasons as a high-yielding cultivar with adequate root length, although 'C 8771' in the fall had the highest yield recorded for both seasons.
Differences in color between the core and cortex were more consistent between seasons than were yield and root length. Large color differences between the core and cortex are considered aesthetically undesirable by the consumer particularly after cooking. 'Florida', 'Heritage', 'Kamaran', and 'C 8771' had consistently less difference between the core and cortex colors based on field ratings. Because no statistically significant differences were seen in the objective color values for the carrot roots, no correlation between subjective ''field'' and objective ''laboratory'' testing was possible. It is possible that the significant visual differences among cultivars observed in the Spring 2004 harvest are the result of visual cues not readily detectable by reflectance spectra from discrete areas on the root. Further work is necessary to determine whether subjective appearance results might be better correlated with objective color testing.
Based on consistent yield and color uniformity, the authors would recommend the use of 'C 8771' and 'Kamaran' for both spring and fall production seasons in Oklahoma and the use of 'Heritage' and 'Florida' for fall production.
